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I t  i s often o f much importance to Know or to "be able to as­
certain with considerable accuracy what power is  required to  
drive various machines.
Many times where the power is  transmitted from a jack—shaft 
to two or more lin e-sh a fts , from which various machines are 
driven, the shafts are not proportional in s ize  to the load they 
must carry because o f lack o f  information regarding the power 
required by each machine driven from the shaft; hence, while 
one shaft might be overloaded another might be unier-loaded, the 
results o f  which are obvious, and in order that the designer may 
in te ll ig e n t ly  choose the m aterial to be used, he must be able to 
know what power is  being transmitted at a l l  points. There is  
no better way o f getting  at these resu lts than by the use o f 
what is  known as the '’ transmission dynamometer", o f  which there 
are various types.
In 1901 and 'OS, while a student at the University of I l l in o is  
the w riter took up the work o f designing, building and running
t
2tes ts  with a transmission dynamometer, the general scheme o f which 
had been outlined by Professor Breckenridge o f  the U n iversity.
The essentia l portion o f the scheme outlined was the use o^  a 
steam indicator in connection with an o i l  pressure cylinder attach­
ed to a b e lt dynamometer.
The w riter completed the above mentioned dynamometer, and 
ran various tests  on some of the machine too ls  o f the University 
shops, and laboratories; obtaining in some cases at lea s t, very 
sa tis factory  resu lts , as may be shown by comparing resu lts in the 
fo llow ing Tables with those given in '•Kent'*. Since that time,
V .L. Sheldon, Class o f 1903, took up the subject, "Power Re­
quired fo r  Driving Machine Tools"; and a fte r  making such changes 
in th is  dynamometer as he saw f i t ,  prepared a thesis in which he 
gives further resu lts .
In the present thesis the w rite r  makes use, only, of drawings, 
data and resu lts obtained by him in 1902.
The principle'upon which the dynamometer is  based, re fe rr in g
to Figure I is  as fo llow s:
Let. T'= tension in slack side o f  b e lt .
T'= tension in  tigh t side o f b e lt .
T=T«- t '=  d ifferen ce in  tension.
Belt A. makes an angle o f  60 degrees with B. Since the pow­
er transmitted by a belt depends upon the d ifferen ce in tension 
o f  the two sides, T = T" -  T* gives actual b e lt pu ll which m ulti-
3p lied  by be lt speed gives power transmitted.
From F ig. I prove T = R where R = R" R' the d ifferen ce 
between the v e rt ic a l components o f  the tensions T" and T'
I f  we neglect f r ic t io n  in ball-bearing o f the id le  pulleys 
we have T' = T ' and T« — T " .
From the Figure we have; since A makes an angle o f  60 de­
grees with B.
The angle between A and A‘ = 120 degrees,
n » » A " R' = 120 "
» it » A » R' = 120 »
The same angles occur with B and B* and R” . Hence we have
three concurring forces acting at angles o f 120 degrees with 
each other and in equilibrium; therefore the three forces are 
equal.
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DIAGRAM ILLUSTRATING THE PRINCIPLE OF THE DYANOMETER.
Then T1 = R' and T" = R".
But R" and R' act in the same straight lin e  and R" is  great­
er than R '; hence, R = R" -  R' = T' = T.
Then; neglecting weights o f pulleys e tc . ,  the v e r t ic a l down­
ward force which acts against the o i l  plunger or piston is  equal 
to the d ifferen ce in tension of the b e lts , Q, E, D.
Since the force R ,gives the d ifference in tension o f the 
tigh t and loose side o f  the belt and th is  is  transmitted by 
o i l  to  the ind icator, as shown in B ig .II  at M, by means o f  a 1/4" 
gas pipe, the pencil o f the indicator reg is ters  accurately th is  
d ifference in tension, or gives d ire c t, by scaling, value fo r  T, 
which bears d irect re la tion  to the horse power which is  being 
transmitted through the b e lt .
At M, F ig. 2, also better shown by Photograph, Figure 3, 
th is  being the most convenient position  fo r  operation ,is placed 
the ind icator in connection with which is  also placed an adjust­
ing cylinder.
The ind icator, being arranged fo r  continuous cards, is  
driven by the reducing pulleys as shown in P la te  I ,  and better 
by photograph F ig . I l l ,  from the dynamometer shaft which, neg­
le c tin g  slippage of b e lts , gives d irect ra tio  o f trave l o f  card 
to belt speed; hence the length o f the card bears d irect re la tion  
to the horse power transmitted through the belt of the dynamometer
6DIAGRAMMATIC ELEVATION OP DYNAMOMETER.
7Then; the outline o f the general scheme and principa l fe a t­
ures o f  the dynamometer are as shown in f i g .  I I  and b r ie f ly  
stated as fo llow s;
Power comes on to one of the pulleys, say at A, passes to 
the other pulley on the same shaft A, and is  transmitted through 
the dynamometer b e lt , pulleys and shaft at B, to the machine, to 
be +ested. During th is  transmission there is  a pressure at C 
which, according to the above, is  equal to the b e lt tension and 
is  recorded by the ind icator. Also the card being taken fo r  a 
given period o f time, the ra t io  between card trave l and be lt 
speed is  determined by the drum driv ing r ig ,  so that we obtain, 
by scaling, the belt speed; which together with the tension, gives
horse-power developed.
from the general formula.
H. P . = (B e lt tension in pounds) (B e lt speed, f t .  per m in.)
33000.
We have by le t t in g
1 =s trave l o f card in  inches per min.
p = pressure per sq. inch in  o i l  cylinder.
Piston area = 1 l/2 sq. inch.
Ratio o f  card to  b e lt trave l 1 to 1223.
H. P. = 1X1223X1.5xp = Let 0. -  Constant.
33000*12
C• = 1223X1.5 — t00463.
33000X12
8Hence H, P. = ?, 1, 0 w i l l  be the horse-power formula.
The dynamometer, the mechanical design of which is  shown 
by the accompanying drawings, was b u ilt in the machine shops o f 
the University, by the w riter, part o f the machine work being done 
by other students.
Referring to F ig . I I  the two shafts A and B carrying the 
pulleys receiv ing, transmitting and de liverin g  the power are in 
ba ll-bearings. The pulleys are keyed to the shafts, and the bear­
ings are supported, as may be 3een in P la te  I,by  adjusting screws, 
hence, there is  but l i t t l e ,  almost no tendency to bind. The 
adjusting screws a fford  an opportunity to  lin e  up and adjust the 
machine generally. The four large pulleys are 14 "X 4" crown­
ed face iron pu lleys, which together with the bearings and flo o r  
stands, were purchased by the University fo r  th is  machine. The 
id le  pulleys 3 l/2" x 4” , also purchased with the above, are pro­
vided with ball-bearings inside; hence the shafts are fix ed  to 
the frame or yoke and the pulleys turn on the shafts, the cones 
being fixed  to the shafts. P late I shows the e levation , P la te  I I  
the plan, and Plates 3 and 4 the d e ta il drawings. P la te  3 
shows the yoke carrying the id le  pulleys, and the adjustable stud 
for transmitting the pressure to the piston in the o i l  cylinder. 
The connecting screws being righ ts and le f t s ,  a fford  means fo r  
adjusting the distance between the centers o f these pulleys and
9thus, for regulating the angle, see F ig . I I *  to the required 60 
degrees. The bars D give support fo r  the pulleys, and at the 
same time, fo r s ligh t v e r t ic a l movements a fford  approximately 
straight lin e  motion, care being taken to have bars free  from bind­
ing at the ends.
P la te  IV shows the pressure cylinder and the o i l  adjusting 
cylinder. The former is  so designed as to enable the use o f 
either o f  two piston areas, the smaller l/2 sq. inch, and tne 
la rger 1 1/2 sq. inch. This enables the use o f a large range 
in the d ifferen ce in b e lt tension. Of course these areas must 
he accompanied by su itable indicator springs. It  is  rea d ily  seen, 
P late I I I ,  that either area may be used by having i t s  piston back­
ed out o f  the threads while the other is  screwed in . As w i l l  ap­
pear la te r  piston area 1 1/2 sq. inch with indicator spring fo r  
40 pounds pressure, gave the best resu lts .
The adjusting cylinder referred  to above, see P ig . I I  an -^ 
I I I  and fo r  d e ta ils  P la te  IV, provides fo r  leakage and adjustment. 
The piston is  forced against the o i l  pressure by means o f  the 
screw and thus regulates the quantity o f o i l  in the pressure 
cylinder C, hence the position  o f  i t s  piston and also the v e r t ic a l 
position  o f the center lin e  between the small pu lleys, regulating 
the angle upon which the accuracy o f the resu lts  must depend.
Having secured the proper position  and having located i t
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by means of a pointer shown at N ,Fig. I I ,  i t  is  maintained by
means o f the adjusting 3crew at M.
To get a continuous card,paper is  fed  from a spool over the 
drum o f  the ind icator to a second spool; which is  driven by a 
weight suspended, the paper being kept taut by the puli, o' the 
weight at one spool and fr ic t io n  on the other, due to a chord 
wrapped with a weight suspended to keep uniform tension, fo r  brake. 
The spool turns against the pull o f  the weights and not the fixed  
end o f the s tr in g .
The indicator drum, over which is  stretched a piece o f  an 
inner tube o f a b icyc le  t i r e ,  feeds the card by the fr ic t io n  
between i t  and the rubber, the drum being driven by the dynamom­
eter shaft as explained above.
There is  a d e fin ite  pressure exerted on the o i l  in the cy l­
inder due to the weight o f the piston, pulley yoke, b e lt e tc . ,  
which must be deducted from the pressure as read from the ind icator 
card. This pressure fo r  1.5$ sq. inch piston area using 40 lb . 
spring was found to be 23 pounds.
The above assumes that there is  no loss o f  power due to i t s  
transmission through the machine which cannot be true as there 
must be some loss due to  b e lt adhesion, fr ic t io n  o f bearings 
etc . Hence the dynamometer should be calibrated and a dynamom­
eter factor established which was done as fo llow s.
-  11 -
Having fastened the dynamometer r ig id ly  to the f lo o r , i t  was 
belted up to a small engine. To be able to run the engine at i t s  
regular speed without excessive belt speed o f the dynamometer, 
i t  was necessary to provide the engine with a much smaller pulley 
than i t s  f l y  wheel. This was done by placing a sp lit  wood pu lley, 
which was found among the discarded apparatus, on the shaft be­
tween the f l y  wheel and the bearings.
For rece iv ing and afford ing means fo r  calcu lating power 
transmitted an improved type of Prony Brahe was used the arm 
o f which was supported on the p la tfo rm  o f a Buffalo scale.
A speed counter was used for obtaining R,P,M; hence the belt 
speed, and to elim inate error o f  starting and stopping the counter, 
and the personal error which is  sure to creep in , the revolutions 
were taken for f iv e  minutes, one f i f t h  ok which gives quite 
accurately the actual R, P, M.
The arrangement- o f the machine as set up with the Prony 
brake fo r  ca lib ra tion  is  shown by the photograph F ig. IV.
In order that a datum lin e  might be secured without r e l ie v ­
ing pressure and le t t in g  the ind icator pencil make i t ,  a second 
pencil was arranged in an arm with s ligh t spring to i t  which 
presses the pencil l ig h t ly  against the card. This then, being 
so adjusted as to trace the path of the indicator pencil when
12
r/q. 3 .
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there is  no pressure,gives a straight datura lin e . The true datura 
lin e  being a distar.ce above th is corresponding to  a pressure of 
23 pounds.
The broke wheel was designed with cooling water space in­
side the rim, and was keyed to the shaft o f tire machine giving 
o f f  the power. The desired amount o f f r ic t io n  was ea s ily  se­
cured by the tighten ing screw, which to  avoid jerk ing e tc . is  
provided with co iled  spring.
With the brake arm resting on the scale, having been just 
balanced, while the machine was at res t, we are ready fo r  the 
ca libration  tes ts .
In the f i r s t  tes t the brake was so adjusted as to keep bal­
anced the scale beam, which showed an additional pressure on the 
platform o f 2 pounds. Having secured good cards with th is 
resistance the pressure was increased to 4 pounds, and so on ad­
ding 2 pounds each time, the emgine being govein ad sc as to keep 
the desired speed.
Having the revolutions per minute, the lengths o f  the prong 
brake arm and the weight on the scale, the brake-horse power 
may read ily  be calculated.
Let L = 31* = length o f brake arm.
C = Constant.
W = resistury pressure on scale.
Scale o f indicator spring = 40 pounds.
Piston area = 1 l/2 sq. inches.
14 -
/on,'
7?tm = z &>. /fr * /8 * r -? 5~-2 3 =/£ 
L = /a . 3 "
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Brake-Horse-power, = 2 XL L-yR.P.M.XW _  CXR p m xw
12x33000
C = 2 TT L
12X33000 = .0005
Dynamometer factor = Brake—horse—power.
Indicated horse-power.
TABLE I .
Test Time W. R.P.M. Brake. Ind. Factor.
in B.H.P.—
i •!
Sj min. H. P. H.P. I .H.P.
1. 1 2 264 .264 .316 .85
250 .250 .310 .80
2. 1 4 302 .604 ,623 ,96
304 .608 — ~—
3. 1 6 310 .930 .96 .97
305 .915 .94 •97_________
4. 1 8 280 1.12 1.15 .97
300 1.20 1.28 .94—  
5» 1 10 320 1.60 1.64 .97
290 1.45 1.49 .97
6 . 1 12 282 1.69 1.69 1.00
293 1.75 1.73
7. 1 14 354 2.47 2.49 .99
306 2.14 2.11
8 . 1 16 282 2 .25 2.20
280 2.24 2.25 .99
9. 1 18 281 2.52 2 .46
298 2.68 2.70 .1)9
10. 1 20 330 3.30 3 .31 .99
350 2.50 2 .46
11. 1 22 320 3.52 3.55 .98
3 02___ 3.32 3.37 . 98
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The results o f  the ca lib ra tion  tests  ar© not sa tis fac tory  to the 
w rite r. He does not consider them at a l l  r e lia b le , but fo r  
want o f new data i t  w i l l  be assumed in the fo llow ing that the 
dynamometer factor i s . 97.
To test the b e lt s l ip ,  and secure the ra tio  o f  the b e lt speed 
to the trave l o f the card, a series o f tes ts  were run, with 
E, P, M, as low as the engine could be made to run, and at as 
high speed as seemed safe with the dynamometer. The R,P,M, rang­
ing from 50 to 408 and i t  was found that the ra tio  remained 
p ra c tica lly  constant 1223 to l .
The second series o f  te s ts  were run on the ( 20” ) la th e  
in the University machine shop. The piece turned was a 2 15/16” 
stud shaft, piece o f  a broken engine shaft. Table I I  gives the 
results o f  these tes ts , some o f  which compare very favorably with 
those given in Kent fo r  sim ilar lathe. The to o l used was an 
Armstrong and h'uschie s te e l, and Kept- in good condition; e ffo r t  
being made to maintain the best possible edge fo r  removing the 
metal. At f i r s t  a good many caeds were spoiled by s lipp ing o f 
b e lts , both the driving and the feed, but rosin was used quite 
fre e ly  espec ia lly  fo r  the heavy cuts, and assuming the dynamom­
eter factor as given above to be correct these resu lts seem 
to be very good.
The f i r s t  test was run on the lathe, back gear in , making
no cuts, thus giving the power absorbed by the lather alone. This 
result compares very favorably with resu lts from Kent. In the 
last two or three tes ts  o f  th is series an e f fo r t  was made to  
remove as much metal as possib le.
These resu lts seem to  be quite sa tis fac tory .
TABLE I I .
NO. Time
in
Diam* s
i
Dep­
th
o f
cut
B' til
Of
Rev.
o f
Trav­
e l  o f
Cut­
tin g  
sp1 d 
ft.M .
wt .o f
metal
per
hour
Ind. Lathe
min. a* d" _cut sp' le to o l H.P. H.P.
1. 3 0 0 25.2 0 0 0 .242 .234
2. 5 /£^  /*> S/8 .052 42. 1.07 5 .62
10.8 .514 .498
3. 5 0 'J-^ /d
13/32 .025 42. 1.05 5.50 11.3 .534 .518
4. 5 Z 25/64 .025 42.5 1.08 5.10 11.6
.501 .486
5. 5 o 33/64 .025 41. 1.03 5 • 23 13.8 .568 .551
6 »
%
20.
! '&
l/2 .030 168 5.00 5.36 16.0 .680 .659
7. 15. S.% /'I l/2 .022 132 2.95 5.61 12.6 .569 .552
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The th ird series of te s ts  was with the la the turning case 
iron , and with the dynamometer belted  up as before. The piece 
being turned was a cast-iron car wheel about 19 inches in  diam­
eter. The last three tests  were on a second and sim ilar wheel. 
Care was taken particu larly  during the heavy cuts to  keep the 
belts  from slipp ing in order to  secure as even cards as possib le.
In test No. 7 especial e f fo r t  was made to remove as much 
metal as possible, and to get a good even card. The test was 
run fo r  15 minutes and a very even card throughout was secured, 
and though the Horsepower seems large i t  is  considered a very 
sa tis factory  r e s u lt . This card with others may be found in the 
accompanying P o r t fo lio .
These tests  were run with belt feed.
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TABLE I I I .
No. Time
in
min.
Diam's Dep- : B' th : 
th : _ : 
o f : o f : 
cut : out :
Rev.
o f
sp 'le
Trav-^Cut :wt. o f
o f  •t i ?? j" e ta l•sp' d -oer 
too l -pt .M(hour
: Ind. 
; H.P.
Lathe
H.P.
d ' d"
1. : 5 l/4 : .033 26 7/8 - 25.5*40.8
•V* ■ —
•.850 .824
2. : 5 3/l6 * .025 27 ll/ l6  *25.8^21.4 -.688 .667
3. : 5 It l/4 : .026 26 ll/ l6  -24 .2'30.0 ‘>88 .853
4. : 5 1 / 4  : .026 26 ll/ l6  S3.5;30.0 :. 75 .727
5. : 10 15/64 ---- — l®/16 :----i 24.1 •1.834 .810
6. : 15 1/4 ■ -025-JcZ. :
79 21/64 22 .5; 27.0
... *... -.......
•1.190 1.15
7. : 12
1/8 : - 0 3 9
63 21|/3 2 %2.0:21.3 
:______ :____ >---------
; .896 .869
The fourth series o f tes ts  were run on the wood planer in 
the pattern shop. The planer is  a inch planer belted  from
a lin e  shaft in  the basement below.
To prepare fo r  th is  test the dynamometer had to  be braced, 
as i t  rested on loose pieces on the d ir t f lo o r .  This was done 
by running s t i f f  pieces down from the jo is ts  above. The mach-
21 _
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ine had to be very securely held in place as i t  must run at very 
high speed to transmit su ffic ien t power fo r  the planer. A fter 
a considerable amount o f  work and trouble th is was accomplished.
Owing to the comparatively rapid feed and to the more rapid 
trave l o f the card resu lting  from high speed, cards were taken 
o f a much shorter period o f time. While running the planer 
without cutting, cards were taken fo r  one minute o f time, an 
average card being, Card No. I in the fo llow ing Table, showing the 
requirement o f  2,4, H. P. fo r  running the planer empty. Dur­
ing the rest o f the te s ts , cuts were made as shown in Table 4,
t
Each test being taken fo r  30 seconds. In these tes ts  white pine 
boards were reduced in thickness as shown in  the fo llow ing Table.
TABLE IV.
Tine Cut *• • Peed Ind. Planer
No. in
min.
Dep- : 
th
iWid-
th
•1. eng-
•th
•
• in  f t .
: per min. H. P. H. P.
1.
r—
1
-------— --n
0 0
#
: 0 : 0 2.483 2.41
2. l/2 3/16 11” & '-0* : 18 • —0 * 3 .574 3.46
3. 1/2 l/s 11* D '- l : 18 • -2" 3 .812 3 .69
4. 1/2 i/e 11»
..p
, 
..
O f O : 20 '—0* 3 .846 3.73
5. 1/2 l/ l6 10*
CO10 • 21 '-4" 3 .411 3.31
/Vo Lo&Z) z = 2 >f/2^ =  ^€-.y" 
M P =  2. -A 6  3 
- 6  82.
C a r d  N o . /
~Pagl£z Wo. H
7~/svr£_ —■ M/AJi/7~£
~ 10,8 "
CLasvca . />, s c - Z z - 33*
P —DUC.//V(p TtHCKN(=^SS j_ - 2 X' 0.8 ~ 2. 1.C"
& /V G  B o a r j j . ' H P  -  3 ,4 U
C a r d  /Vo. s ~ 
y~ABi-£. No. 4
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fSome of the d i f f ic u lt ie s  met with were in construction. In 
order that the piston in the o i l  pressure cylinder might work as 
fr e e ly  as possib le, no packing o f any kind was used and i t  was 
necessary to have a very accurate f i t  between the piston and 
cylinder to redn.ce the leakage fo o i l  to  a minimum. Even with 
the best reamed and ground f i t s  which we could obtain, and with 
grooves in the piston, when the small area was used with high 
pressure ind icator spring the leakage was considerable and made 
more or less trouble in keeping the adjustment. On the other 
hand the larger piston area resulted in  giving a r e la t iv e ly  la rge r  
movement o f fluctuation of the piston rece iv ing the pressure, 
which gives a much more eas ily  scaled card, and also because o f 
th is  larger piston area receiv ing the same to ta l pressure, we 
have the pressure per sq. inch on the o i l  very m ateria lly  re ­
duced; hence much less leakage.
For very small fractions o f horsepower the small piston would 
work w e ll. But fo r  the tests  recorded in th is  thesis the larger 
piston area was found to be much more sa tis factory ; and fo r  the 
last series better resu lts might have been secured by increasing 
the dynamometer pu lleys, thus reducing th e ir  R, P, M, which 
would have given a more even card, and fo r  the same actual length 
o f cord the time would be increased.
The o i l  adjusting cylinder caused some trouble. The f i r s t  
one which was made according to the drawings o f brass, P la te  IV,
25  -
was a fa ilu re . The brass, which was cast in the foundry o f 
the University, would not hold the o i l  under pressure. I t  
seemed to be so fu l l  o f pores or minute blow holes, that though 
scarcely apparent to the eye, i t  was impossible even by peaning 
or soldering to stop th is leakage, though both methods were tr ie d  
repeatedly. As a last resort a cylinder was turned out o f  a 
so lid  piece o f machine s te e l. This gave excellent resu lts , and 
ended the trouble along that lin e .
Cylinder o i l  was used in order to reduce general leakage 
as much as possib le.
The indicator piston also gave trouble, and i t  became nec­
essary, because of wear causing excessive leakage, to make a 
new one, which was done, and a fte r  which the indicator worked
w e ll .
Cards as samples are shown with each Table o f resu lts , and 
other longer cards may be found in the P o r t fo lio .
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